Optimization of collagen type I-hyaluronan hybrid bioink for 3D bioprinted liver microenvironments.
Current 3D printing of tissue is restricted by the use of biomaterials that do not recapitulate the native properties of the extracellular matrix (ECM). These restrictions have thus far prevented optimization of composition and structure of the in vivo tissue microenvironment. The artificial nature of currently used biomaterials affects cellular phenotype and function of the bioprinted tissues, and results in inaccurate modeling of disease and drug metabolism significantly. Collagen type I is the major structural component in the ECM, and is widely used as a 3D hydrogel, but is less applicable for 3D bioprinting due to low viscosity and slow polymerization. We have hypothesized that a combination of hyaluronic acid with collagen I yields a bioink with the properties required for extrusion bioprinting, while supporting native cell-matrix interactions and preservation of the native microenvironment properties. To test this hypothesis, we tested the viscoelastic properties of three bioink formulations -2:1, 3:1, and 4:1 collagen type I to hyaluronic acid, and examined cellular behavior in order to determine an optimal formulation that allows for bioprinting while supporting biological activity. We then employed this formulation to bioprint 3D liver tissue constructs containing primary human hepatocytes and liver stellate cells and tested the effects of acetaminophen, a common liver toxicant. Our results have shown that the combination of methacrylated collagen type I and thiolated hyaluronic acid yield a simple, printable bioink that allows for modulation that was directly related to stromal cell elongation. Further, the bioink adequately allowed for implementation as a support hydrogel for hepatocytes which were able to remain viable over two weeks and responded to drug treatment appropriately.